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(57) L'invention conceme un proced6 servant k 
ddmoduler des signaux vocaux ou des donn6es, ainsi que 
des informations de comniande dans des systdmes qui 
comportent de multiples schdmas de modulation. Le 
procdd^ peimet de moduler des signaux vocaux ou des 



(57) A method of demodulating voice or data and 
control information in systems that support multiple 
modulation schemes modulates voice or data using a first 
linear modulation scheme, such as 1 6QAM modulation 
scheme, and modulates control information using a 
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doiuiees an moyen d'un premier schema de modulation 
lineaire, tel que le schema de modijlation 16QAM; et des 
informations de commande au moyen d'un devpci^me 
schema de modulation lineaire, par exemple le schema 
de modulation QPSK, qui possede le meme d^bit de 
symboles que celui du premier schema de modulation. 
Le premier schema de modulation pr^sente un niveau de 
modulation plus elev6 que celui du deuxieme schema de 
modulation lineaire. Des informations modulfes au 
moyen du deuxifeme schema de modulation lineaire, qui 
emploie un ensemble r^duit de signaux du premier 
schema de modulation lineaire, sont d^modulfe 4 1'aide 
du roSme d&nodulateur utilise pour dtooduler des 
isiformations modulees au moyen du premier sch6ma de 
modulation lineaire. De plus, des informations de 
sigpalisation dans la bande d'un canal de trafic, tels que 
des indicateurs de vol de cycle, sont modules au moyen 
du deuxi^e sch^a de modulation. 



second linear modulation scheme, for example, QPSK 
modulation scheme, that has the same symbol rate as that 
of the first modulation scheme. The first linear 
modulation scheme has a higher modulation level than 
the second linear modulation scheme. Infonnation 
modulated using the second linear modulation scheme, 
which uses a reduced signal set of the first linear 
modulation scheme, are demodulated using the same 
demodulator that is used for demodulating information 
modulated using the first linear modulation scheme. 
Also, in-band signalling information within a traffic 
channel, such as stealing flags, are modulated using the 
second modulation scheme. 
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Abstract 



A method of demodulating voice or data and control 
information in systems that support multiple modulation 
schemes modulates voice or data using a first linear 
modulation scheme, such as 16QAM modulation scheme, and 
modulates control information using a second linear 
modulation scheme, for example, QPSK modulation scheme, 
that has the same symbol rate as that of the first 
modulation scheme. The first linear modulation scheme has 
a higher modulation level than the second linear modulation 
scheme. Information modulated using the second linear- 
modulation scheme, which uses a reduced signal set of the 
first linear modulation scheme, are demodulated using the 
same demodulator that is used for demodulating information 
modulated using the first linear modulation scheme. Also, 
in-band signalling information within a traffic channel, 
such as stealing flags, are modulated using the second 
modulation scheme. 
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A METHOD FOR DEMODULATING INFORMATION IN A 
COMMUNICATION SYSTEM THAT SUITORTS MULTIPLE MODULATION 
SCHEMES 

5 BACKGROUND 

This invention generaUy relates to the field of communication systems 
and, more particularly, to digital comnrnnication systems that supports multiple 
modulation schemes. 

Digital communication systems use a varie^ of linear and non-linear 
10 modulation schemes to communicate voice or data information. These modulation 
sdiemes include, Gaussian Minimnm Shift K^ing (OMSK). Quadrature Hiase Shift 
Keying (QPSK), Quadrature Amplitude Modulation (QAM), etc. OMSK modulation 
scheme is a non-linear low level modulation (LLM) scheme with a symbol rate diat 
siq^rts a f^}ecified user bit rate. In order to increase user bit rate, high-level 
15 modulation (HLM) sdKmes can be used. Linear modulation schemes, such as QAM 
scheme, may have different level of modulation. For exanq>le,. I6QAM scheme is used 
to represent the sixteen variatioo of 4 bits of data. On the other hand, a QPSK 
modulation scheme is used to represent the foiu* variations of 2 bits of data. Although 
16QAM scheme provides a higher bit rate than QI*SK, both of these modulation 

2 0 schemes could have die same symbol rate. Application of modulation schemes, 

however, differ in many aspects, for example symbol rate and/or burst format, which 
complicates their support in systems that use multiple modulation schemes. 

In wireless digital communication systems, standardized air interfaces 
specify most of system parameters, including modulation type, burst format. 
25 communication protocol, symbol rate, etc. For example,- European Telecommunication 
Standard Institute (ETSI) has specified a Global System for Mobile Conmiunications 
(GSM) standard that uses time division multiple access (TDMA) to communicate 
control, voice and data information over radio fi-equency (RF) physical channels or links 
using OMSK modulation scheme at a symbol rate of 271 ksps. In the U.S. , 

3 0 Telecommunication Industry Association (TLA) has published a number of Interim 
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Standards, such as IS-54 and IS-136, that define various versions of digital advanced 
mobile phone service (D-AMPS). a TDMA system that uses a Differential QPSK 
(DQPSK) modulation scheme for commonicating data over RP links. 

TDMA systems subdivide the available frequency band into one or 
5 several RF channels. The RF channels are divided into a number of physical channels 
coxrespondmg to time slots in TDMA frames. Logical channels are fonned from one or 
more physical channels, where inodulation and channel codmg schemes are specified. 
In these systems, the mobile stations commnnicate with a pluialiQr of scattered base 
stations by transmhtmg and receiving bursts of digital information over uplink and 
10 downlink RF diannels. 

The growing number of mobile stations in use today has generated^Se 
need for more voice and data channels withm ceUuIar telecommunication systems. As a 
result, base stations have become more closely spaced, with an increase in interference 
between mobile stations 12 operating on the same frequency in neighboring or closely 
15 spaced cell. Although digital techniques gain more useftd channels from a given 
frequency spectrum, there still remains a need to reduce interference, or more 
specificaUy to increase the ratio of the carrier signal sttength to interference, (i.e.. 
carrier-to-intcrference (C/I)) ratio._ RF links that can handle lower C/I ratios are 
considered to be more robust than those diat only can handle higher C7I ratios. 

In order to provide various communication services, a corresponding 
minimum user bit rate is required. For example, for voice and/or data services, user bit 
rate corresponds to voice quality and/or data througl^Mit, with a higher user bit rate 
producing better voice quality and/or higher data throughput. The total user bit rale is 
detenmned by a selected combination of techniques for speech coding, channel coding, 
modulation scheme, and for a TDMA system, the number of assignable time slots per 
call. 

Depending on the modulation scheme used, lint quality deteriorates more 
rapidly as (71 levels decrease. Higher level modulation schemes are more suscepUble 
to low levels of C/I ratio than lower level modulation schemes. If a HLM scheme is 
used, the data throughput or grade of service drops very rapidly with a drop in link 
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quality. On the other hand, if a LLM schcane is used, data throughput or grade of 
service does not drop as rapidly under die same interfBrence conditions. Therefore. Uiik 
adaptation methods, which provide the ability to change modulation and/or coding based 
on the channel conditions, are used to balance the user bit rate against link quality. 
Generally, these methods dynamically adapt a system's combination of speech coding, 
channel coding, modnlation. and number of assignable time slots to achieve optimum 
perfonnance over a broad range of C/I conditions. 

One evohttionaiy path for the next generation of cellular systems is to use 
high-level modulation (HLM), e.g.. 16QAM modulation scheme or 8PSK, to provide 
mcreased user bit rates compared to the existmg. standards. These celhilar systems 
inchide enhanced GSM systems, enhanced D-AMPS systems. Intematibnai Mobile 
Telecommunication 2000 CIMT-2000). etc. A high level linear modulation, such as 
16QAM modnlation scheme, has the potential to be more spectrum efBciem than, for 
example. GMSK. which is a low-level modulation (LLM) scheme. Furthennore, the 
use of 16QAM mo d u la t ion schieme in conjunction with a higher qmibol rate significantly 
increase tiie user bit rate compared to tibe GMSK modulation scheme. In this way. the 
maximum vser bit rate offeied by an HLM scheme, such as I6QAM modulation 
sdiexne. may be more than doubled. Because higher level modulation schemes require a 
higher minimum C/l ratio for acceptable performance, their availabQity in the system 
becomes linuted to certain coverage areas of the system or certain parts of the cells, 
where more robust links can be maintained. However, a system can be planned to 
provide full coverage for HLM scheme. The modulation schemes provided in a cell 
may be a mixture of non-linear and linear modulation, with different symbol rates. 

Generally, two types of logk:al clumnels are defined by air inier&ce 
standards: control channels (CCH) and traffic channels (TCH). CCHs are used for 
control signalling such as registration, authentication, call set-up. and the like. TCHs, 
which are single user channels, are used to handle voice or data communication. For 
TCHs, some of the standards define various user bit rates. 

In GSM systems, control signalling is carried out using different types of 
CCHs, including dedicated control channels (DCCHs), Broadcast Channels (BCHs), 
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and Common Control Channels (CCCHs). BCHs include Frequency Correction channel 
<FCCH). Synchronization Channel (SCH), and Broadcast Control Channel (BCCH). 
The CCCHs inchide Paging channel (PCH), Access Grant Channel (AGCH) and 
Random Access Channel (RACCH). DCCHs include Stand-alcme Dedicated Control 
Channel (SDCCH). Fast Associated Control Channel (FACCH). and Slow Associated 
Control Channels (SACCH). 

FCCH indicates a BCCH carrier signal and enables a mobile station to 
synchronize to its frequency. SCH is used to signal TDMA frame structure in a cell and 
a Base Station Identity Code (BSIC) that indicates whether a base station belongs to a 
GSM sys^ or not. BCCHs is transmitted a during predefined time slot (e.g., time slot 
0 in single carrier base statiom) of a downlink RF channel, to provide general 
infonnation to die mobile stations. SDCCH, which may be transmitted at a time slot 
adjacent to BCCH. is used for registration, location updating, authentication and call set- 
up. PCH is a downlink only channel, which is used for infonning the mobBe station 12 
of a network's signaling requinment, for example when the mobile unit is called. 
AGCH is a downlink onty channel used for rqjlies to access requests for assigning a 
dedicated control channel for a subsequent signaling. RACH is used by a mobile station 
to request a channel, when it is paged, or ^en it wants to initiate a call. 

The associated control channels, FACCH and SAACH are always 
associated with traffic channels. Applicable standards specify a number of bits for 
FACCH and SACCH, which are co mmuni c ate d according to a pre-defined format. 
SACCH is used for communicating control and supervisory signals associated with 
traffic channels, including the transmission of parameters corresponding to a measure of 
bit error rate (BER) or a measure of received signal strength (RSS) at mobile stations 
12. FACCH steals bursts aUocaied for traffic channels for control requirements, such as 
hand-over. 

Fast signaling procedures are needed to quickly provide signallmg 
information to the receiver. For example, in GSM systems, stealing flags, which are 
time-multiplexed at predefined positions widiin a burst, arc used to distinguish between 
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a FACCH buret and a TCH burst. By reading the stealing flags, tbe receiver determines 
the type of logical channels. 

In systems that support multiple modulation schemes, demodulation of 
information communicated over control channels and traffic channels creates many 
complications. By introduction of link adaptation algorithms, adaptation of codmg 
and/or modulation scheme becomes more frequent The frequem link adaptations result 
in an increased si gn a lling effort, causing d^radation in communication quality. 
Furfliennore, the control information comnunucated over FACCHs and voice or data 
communicated over TCHs must be deoKxlulated without signiJicant overhead in order to 
irnprove coimmmication quality. 

Therefore, there exists a need for an efficient and sinq>le method for 
denoodulating information in systems that suppon mult^le miodulation schemes. 

SUMMARY 

The present inventicni that addresses this need is exemplified in a method 
of demodulating variously m odu lated information using an identical demodulator in 
systems that support multq;>Ie modulation schemes. 

Briefly, acconfing to die method of the invention, voice or data is 
communicated over a traffic channel using a first linear modulation scheme, such as 
16QAM or 8PSK modulation schemes. The traffic channel has an associated control 
channel that uses a second linear modulation scheme for commmiicating associated 
control information. In an exenqjlary embodiment, the second linear modulation scheme 
is a QPSK modulation scheme. The second Imear modulation scheme, which has a 
lower level of modulation relative to the first modulation scheme, uses a reduced signal 
set of the first modulation scheme to communicate voice or data and control 
information. In diis way. the present invendon uses, die same demodulator to 
demodulate signals modulated using the second linear modulation scheme as fliat used to 
demodulate signals mo d ul a te d using the first linear modulation scheme. 

According to souk of the more detailed feamres of the present invention, 
the second modulation schone uses the outer points of die modulation constellation of 
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the first modulation scheme. The first and second linear modulation schemes have the 
same symbol rate, the same pulse sh;^ing, and the same burst fonnat. Furthermore, the 
traffic channel and control channel use the same training sequences. In accordance with 
another aspect of the invention, the training sequences of the traffic channel and control 
channel are modulated using the second linear modulation scheme. 

Accordmg to yet another aspect of the invention, voice or data are 
communicated using the first modulation scheme and m-band signaUmg information are 
communicated using the second modulation scheme. In this way, voice or data and in- 
band signalling mformation are demodulated using the same demodulation scheme, 
which corresponds to demodulation of signals modulated using the first modulation 
scheme. The in4>and signaUing infornution may include stealing flags that indicate 
whtiher a transmitted burst contains control inform^on or voice and data mfoimfi^on. 
Alternatively, the in-band signalling information may mdicate at least one or more of a 
modulation type, a channel coding, or a speech coding used by a transmitted burst. 

Other features and advantages of the presoit invention will become 
apparent finom the following description of the preferred embodiment, taken in 
conjunction with the acconqaanying drawings, which iUustrate, by Avay of aample, ihe 
principles of die invention. _ 
BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a block diagram of a communication system which 
advantageously uses the present invention. 

FIG. 2(a) an 2(b) are diagnuns of moduhtion constellations of a 16QAM 
and QFSK modulation schemes, respectively. 

FIG. 3 is a diagram of a subdivided RF channel that is used in the 
communication system of FIG. 1. 

FIG. 4 is a diagram of a normal transmission burst transmitted on the RF 
channel of FIG. 2. 

FIG. 5 is a block diagram of a mobile station used m the communication 
system of FIG. 1. 
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FIG. 6 is a block diagram of a radio base station used in the 
communication system of FIG. 1. 

FIG. 7 is a block diagram of a radio transceiver used in the base station 

ofHG. 6. 

FIG. 8 shows a diagram of the format of bits and symbols of a 
trans mi tte d burst. 

FIG. 9 shows a diagram of a mi^^ing scheme used for demodulating the 
tTMsmittfid bursts of FIG. 8. 

DETAILED DESCRIPTION 
Referring to FIG. 1, a commuoication system 10 according to an 
exemplary embodiment of the present invention sappom multiple modulation sdiooes. 
In an exemplary embodiment of die invendon, the system 10 supports diree modulation 
schemes: a first IXM OXMl) scheme, a second liM (LO^) scheme, and a HLM 
sdbanc. In an exenqilaiy embodiment, the first IJLM CLLMl) scheme is a non-linear 
modulation scheme, such as GM SK moduladon sdieme used in GSM systems. A second 
LLM (LLM2) scheme is a linear modulaHon scheme, such as QPSK. FmaHy, the HLM 
modulation sdieme is a higher level Unear modulation schenies, for exanq>le, 16QAM or 
8PSK scheme. LLM2 and HLM schemes have the same symbol rate that is different 
from die symbol rate of LI^l scheme.' 

The mode of operation of GSM commimication systems is described in 
European TelecommunicatioD Standard Institute (ETSI) documents ETS 300 573, ETS 
300 574 and ETS 300 578. which are hereby incorporated by reference. Therefore, the 
operation of the GSM system is described to the extent necessary for understanding of 
the present inventicm. AlOiough. the presem invention is described as embodied in a 
GSM system, those skilled m the art would aqppreciate that the presem invention could 
be used in a wide variety of otho- digital communication systems, such as those based on 
PDC or I>-AMPS standards and enhancements thereof. The presem invention may also 
be used in CDMA or a hybrid of CDMA and TDMA communication systems. 
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The communication system 10 covers a geographical area that is 
subdivided into communication cells, which together provide communication coverage 
to a service area, for example, an entire city. Preferably, the communication cells are 
patterned accordmg to a ceU pattern that allows some of the spaced apart cells to use the 
5 same uplink and downlink RF channels. In this way, the cell pattern of the system 10 
reduces the number of RF channels needed to cover the service area. The system 10 
may also employ ftequcncy hopping techniques, for example, to avoid "deadspots." 

Referring to HGs. 2(a) and 2(b), the signal sets in modulation 
consteUations of 16QAM scheme and QPSK scheme arc shown, respectively. The outer 
1 0 signal points of 16QAM scheme arc shown by points A, B. C. and D, and the signal 
points of QPSK scheme are shown by points A', B', C, and D*. QPSK scheme can be 
viewed as having a reduced signal set relative to 16QAM scheme. If the symbol rates of 
QPSK and 16QAM schemes are the same, a 16QAM demodulator can demodulate the 
reduced signal set of QPSK modulation scheme by using exchisivdy the outer signal 
15 points A, B. C and D of 16QAM scheme. Consequently, the same demodulator can be 
used to demodulate signals diat are modulated with QPSK and 16QAM schemes, if the 
same pulse shaping and burst format is used for bofli of these schemes. This 
arrangcmoat significantly facilitates demodulation switching between QPSK and 16QAM 
schemes, for example, during link adaptation. In one aspect, the present 

2 O invention takes advantage of demodulation interchangcability with modulation schemes 
that have the same symbol rate, pulse shaping, burst format, and where one modulation 
schfemes has a reduced signal set relative to the other, to effectively demodulate a first 
set of information fliat is modulated using a first linear modulation scheme and a second 
set of information that is modulated using a second linear modulation scheme that is 
25 different from tiie first Imear modulation scheme. Preferably, flie first linear modulation 
scheme has a higher level of tnodulation than the second linear modulation scheme. In 
this way. the present invention demodulates the first set of information and the second 
set of infonnation using the same demodulation scheme that corresponds to 
demodulation of infonnation modulated by the fnst modulation scheme. 
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In present GSM system, receivers treat GMSK modulation scheme as a 
linear modulatioii scheme. This means that a single demodulator can be used to 
demodulate GMSK and off-set QPSK modulated signals, as long as their symbol rates 
are the same. Similarly, a single demodulator can be used to demodulate GMSK and 
5 higher level linearly modulated signals, as long as the signal points used by the 

demodulator during GMSK de-modulation are the reduced s^nal sets of a higher level 
modulation scheme and as long as the modulated signals have the same symbol rate. 

The i^esent invention commmiicates voice or data boween a base station 
and a mobile station 12 over traffic channels. Voice and data are cooomonicated over 

10 the traffic channel using the first linear modulation schen^. For exan^Ie. if possible, 
the first mo dul a ti on scheme is preferably HUM scheme. Otherwise, voice or data are 
communicated using L1.M2 scheme, which may be a QPSK modulation schqaie. The 
present invention also communicates control information over associated or ix>n- 
associated control channels. Preferably, the second modulation scheme of the associated 

15 control channels and the first modulation scheme of the traffic channels have the same 
symbol rate, even though their modulation levels may be different, or they may be the 
san^. The traffic channels have associated control channels for ctHnmunicating 
associated control information b^ween the base station and the mobile station 12. In an 
exen:^laxy embodiment, the secoi^ modulation scheme of the associated control 

20 channels is the second lower levd modulation scheme LLM2, which is a QPSK 
modulation scheme. 

The HLM and LLM2 modulation schemes use the same pulse shaping, 
symbcri rate, and burst format. LLM2 scheme, however, uses a reduced signal set of 
the HLM scheme. As described above, this requiremoit allows for the use of an 

25 identical demodulator at the receivers to demodulate outer signal points of 16QAM 
scheme and signal pmnts of QPSK modulation scheme, which is used to conmaunicate 
control information on associated control channels. As described later, in-band 
signalling information and training sequences are also communicated, preferably, using 
LLM2 scheme. Because LLM2 scheme uses a reduced signal set of HLM scheme, 

3 O HLM deoKxlulator, in addition to HLM modulated signals, can also demodulate LLM2 
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modulated signals by detecting the outer signal points of HLM modulation 
constellations. 

The system 10 Is designed as a hierarchial network with multiple levels 
for managing calls. Using an allocated set of uplink and downlink RF links, mobfle 
stations 12 operating within the system 10 participate in calls using allocated tune slots. 
At a high hierarchal level, a group of Mobfle Service Switching Centers (MSCs) 14 are 
responsible for die routing of calls from an originator to a destinatioh. In particular, 
they are responsible for setup, control and termination of calls. One of the MSCs 14, 
known as the gateway MSG. handles comnnmication with a Public Switched Telephone 
Network (PSTN) 18. or other public and private networks. The communication system 
10 uses the present invention to provide for link adaptation, when mobfle stations 12 
within a cefl move widim coverage areas diat support one or more of LLMl , LLM2. 
HLM schemes. 

At.a lower hierarchal level, each ohe of the MSCs 14 are connected to a 
gTOupofbasestationcontroflers(BSCs)16. The primary iimction of a BSC 16 is radio 
resource management. For example, based on reported received signal strength at the 
mobfle stations 12. the BSC 16 determines whether to initiate a hand-over. Under the 
GSM standard, the BSC 16 cooununicates with a MSG 14 under a standard mterface 
known as the A-interfece, which is based on the Mobfle Application Part of COTT 
Signalmg System No. 7. 

At a stfll lower hierarchical level each one of the BSCs 16 controls, a 
group of base transceiver stations (BTSs) 20. Each BTS 20 inchides a number of TRXs 
that use the uplink and downlink RF channels to serve a particular comrnon geogr^hical 
area. The BTSs 20 primarily provide die RF links for the transmission and «;ception of 
data bursts to and from the mobile stations 12 within their designated cell. In an 
exemplary embodiment, a number of BTSs 20 are incorporated into a radio base station 
(RBS). 22. The RBS 22 may be configured according to a family of RBS-2000 products, 
which is offered by Ericsson, the assignee of the present invention. ' 

With reference to HG. 3. an RF channel 26 (uplink or downlink) is 
divided into repetitive time frames 27 during which information are communicated. 
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Jgadi frame 27 is further divided into time slots 28 that cany paclcets of infoimation, 
%}eecb or data is txansmitted daring time slots designated as traffic channels 
(TCH|,. ,TCHa). AH signaling junctions pertaining to call management in the system, 
including initiations, hand overs, and termination are handled via control information 
5 transmitted over control channels. 

In fMtier to provide baclcward conqtatibility with GSM systems, the 
system 10 uses GMSK modulation scheme for commmiicating control information over 
the non-associated control channels. The mobile stations 12 use the slow associated 
control channels (SACCHs) to transmit associated control signals, such as an RX-LEV 

10 signal, winch corresponds to the received signal strength at the mobile station 12 and 
RX-QUAL signal, which is a measure of various levels of bit error rate at the mobile 
station 12. as defined by the GSM standard. Fast associated coatrol cfaanndis 
CFACCHs) perform control functions, such as hand-overs, by stealing time slots 
allocated for TCHs. Fast signalling procedure is used tt> indicate vrihetfaer a time slot 

15 contains control or voice and/or data. In the present invention, tbe FACCHS and 
SACCHs may use LLM2 or HLM modulation schemes to comnumicate control 
information independent from Hbc modulation scheme used for TCHs, if LLM2 and 
HLM are supported. 

The BSC 16 in^ructs the RBS 22 based on measures of channel 

20 dbaracteristics of RF links between mobile stations 12 to the RBS 22. As described later 
in detail, the channel cfaaracteristxcs may be measured based on a number of parameters, 
including received signal strength at the mobile station 12, bit error rate at the mobile 
station 12, the multipath pr(^)agation property of the uplink RF channel, for exanqple. 
time dispersion, or a combination of them. 

25 The system 10 carries out the transmission of mformation during a time 

slot in a burst that contain a predefined nujca>er of coded bits. The GSM specification 
defines various types of bursts: normal burst (NB), frequency correction burst (FB), 
synchronization burst (SB), access burst (AB), and durmny burst. The normal burst, 
which has a duration of 576 (ts. is used both during the traffic and some control 
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si gn a llin g chaxmcls. The remaining bursts are primarily used for access and mainfami^g 
signal and frequency synchronization widiin the system. 

As shown in FIG. 4. a nonnaJ burst 29 includes two separate data 
portions 30 during which digital data bits are communicated. The norroal burst also 
inchides tail and guard sections 31 and 32 as shown. Among otiSer things, the guard 
section 32 is used to allow far up-ramping of the burst and for down-ranqjing of the 
bursts. The tail section 31 is used for demodulation purposes. All burst transmissions, 
except dummy burst transmissions, include training sequences. The training sequences 
are patterned with predefined autocorrelation characteristics. During demodulation 
process, the auto correlation characteristic of the training sequence helps in the 
synchronization of the received bit sequences over an RF channel. In the normal burst 
29. a training sequence 33 Is positioned in the middle of the burst between its data 
portions. 

In order to conipensate for propagation delays, the conmnmication system 
10 uses a time alignment process by which the mobile stations 12 align their burst 
transmissions to arrive at the BTSs 20 in prt^jer time relationsh^ relative to other bursts 
transmissions. As described later, the mobile station 12 and the RBS 22 incorporate 
equalizers, which correlate received baseband bit sequences over the iq>link or downlmk 
RF chanittls witb the training sequences, to provide correlator responses that correspond 
to the properties of xnuh^path propagation. Based on the correlator responses, the 
receiver section of tbt BTS 20 generates a timing advance (TA) parameter, which 
corresponds to a projagation dday over the uplink RF channel. The mobile station 12 
uses the TA parameter, vrbkih is transmitted from the RBS 22. for advancing or 
retarding its burst trananissions relative to a time reference. 

Witb reference to FIG. 5, the block diagram of a mobile station 12 is 
shown. The mobile station 12 includes a receiver section 34 and a transmitter section 
36, which are coupled to an antenna 38 through a duplexer 39. The antenna 38 is used 
for receiving and tra nsmitting RF signals to and from the BTS 20 over allocated uplink 
and downlink RF channels. The receiver section 34 includes an RF receiver 40, which 
includes a local oscillator 41, a mixer 42, and selectivity filters 43 arranged in a well 
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known maiineT* for down-convening and demodulating received signals to a ixiseband 
level. The RF receiver 40, which is tuned by the local oscillator 41 to the downlink 
channel, also provides an RX-LEV signal on line 44 that corresponds to the received 
signal strength at titie mobUe station 12. 
S The RF receiver provides a baseband signal to a demodulatDr 46 rtifit 

denKXhdates coded data bits rq>reseniing the received speech, data and signaling 
information. Depending on the type of naobile station 12, the demodulator 46 can 
si^port one or more demodulation schemes corresponding to LLMl, LLM2, and HLM 
s(±emes. For example, &e demodiilator of a mobUe station 12 subscribed to an 

1 0 operator fiat supports LLMl scheme may be capable of demcidulatiqg LLMl modulated 
signals only. On the other hand, the demodqlator of a mobile stati<m 12 subscribed to 
an operatpr that supports all of the tfiree modulatkm sdiemes is preferably capable of 
demodulating LIACl, LLM2» ynri HLAf schemes. 

As described above, the demodulator 46 includes ^n equalizer (not 

15 shown) tiiat processes die cc>^ bit pattOTi disposed on ^ training sequences, to 

provide correlator response that are used for predictive demodulation of the baseband 
signal. The equalizer uses the correlator responses to determine dke jmost probable bit 
sequence for demodulation. As defined by the GSM specification, a channel 
decoder/interleaver 50 also provides an RX-QUAL signal on line 48, which is a measure 

20 of various levels of bit error rate at the mobile station 12. The mobile station 12 reports 
the RX-QUAL signal and the RX-LEV signal to the BSC 16 on a SACCH channel. 

Preferably, bursts modulated according to LLM2 and HLM sdieme, i.e., 
16QAM and QPSK schemes, use the same pulse shaping, sjrmbol rate and burst format, 
and use the same training seq ue nces. Both modulation schemes use the same signal 

2 5 points to modulate the training sequence. For example, a 16 QAM modulator modulates 

the training sequence using outer signal pomts A. B, C. and D, (shown in FIG. 2(a)). 
Similarly, a QPSK modulated signal, which has a reduced signal set relative to 16QAM 
modulated signal, uses signal points A', B". C, and D' (shown in FIG. 2(b)) for 
transmitting the training sequence. Although the training sequence used in bursts that 

3 0 communicate control information is the same as the training sequence of bursts that 
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communicate of voice or data» in the present invention, the modulation scheme used for 
communicating the training sequence of a control channel is different froin that of a 
traffic channel. Similarly, the in-band signalling information as well as the stealing 
flags are modulated using tibe outer signal point of the linear modulation consteUation. ' 
5 As described before, the mobile station 12 can use the sanoe demodulator, i.e., a 

16QAM demodulator, to demodoiate the in-band signalling infonnation, as well as the 
tnuniiig sequences. This arraogement significantly fecflitates decoding of boHi the 
training sequence and in-band signalling information of HLM and LLM2 modulated 
signals. 

10 The channel decoder/de-hiterleaver 50 decodes and de-interleaves titte 

nKxlulated signal. The speech data bits are ^plied to a speech decoder 52 that decodes 
the speech pattern using <Mie of a variety of speech decoding algorithms. After 
decoding, the speech decoder 52 applies an analog speech signal to a ou^ut device 53, 
e.g., a speaker, via an audio anoplifier 54. The chaimel decoder 50 provides the 

15 decoded data and signalling information to a microprocessor 56 for further processing, 
for example, displaying the data to a user. 

The transmitter section 36 includes an input device 57, e.g., a 
microphone aod/or keypad, for inputting voice or data information. According to a 
specified speech/data coding tetdiiiiques, a speech coder 58 digitizes and codes the voice 

20 signals according to a varied of siqjported speecii coding schemes. Adiannel 

coder/interleaver 62 codes the i^link data according to a q[>e(nfied coding/interleaving 
algorithms, which improves error detection and correction at the BTS 12. The channel 
coder/interleaver 62 provides an uplink basdiand signal to a modulator 64. The 
modulamr 64 modulates the uplink baseband signal according to one <xr more of 

2 5 supported modulation schemes. Similar to the demodulator 46, the modulator 64 of the 

mobile station 12 may support one or more of LLMl, LLM2, and HLM schemes. 

The modulator 64 applies the coded signal to an up-converter 67, which 
receives a carrier signal from the up-converted signal local oscillator 41 . An RF 
amplifier 65 amplifies the up^^nverted signal for transmission trough the anteima 38. 

3 0 A well known frequency synthesizer 66, under the control of the microprocessor 56, 
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supplies tbe operating frequency infonnation to the local oscillator 41. Tbc 
microprocessor 56 causes tbe mobile station 12 to transmit tbe RX-QUAL and KX-LEV 
parameters to the RBS 22 over tbe SACCH. 

Referring to FIG. 6, an exen^laiy block diagram of the RBS 22 is shown 
5 to include a plurality of BTSs 20 that serve different igeographical areas. Through a 
timing bus 72, the BTSs 20 are synchronized with each other. Voice and data 
information are provided to and from the RBS 22 through a traffic bns 74 that may be 
coupled, through the A-bis internee, to a puMic or private voice and data transmission 
line, such as a Tl line (not shown). Each BTS 20 includes TRXs 75 and 76 that 

10 OKnmunicate with die mobile station 12. As shown, two smtunnstx designated as 24A 
and 24B are spaced accordingly to cover cells 77 and 78. The TRXs 76 are coupled to 
tiie antennas 24 through con^iner/duplexers 80 that combine downlink transmission 
signals from the TRXs 76 and distribate the i^linlc received signals from, the mobile 
station 12. The RBS 22 also includes a base station common function (BCF) block 68 

15 that controls the operation and maintenance of the RBS 22. 

Referring to FIG. 7, a block diagram of a TRX 76 is shown. The TRX 
76 includes a transmitter section 86, a receiver section 87,. a bas^and processor 88 and 
a TRX controller 5>0. Through a corresponding antenna 24 (shown in FIG. 6), the 
receiver section 87 receives iq>lxDk signals from the mobite station 12. A down- 

20 conversion block 91 down-converts the received signal. After down-converting the 

received signals, the receiver section 87 samples its phase aiKl magnitude, via a sampler 
block 92, to provide received bit sequence to the baseband processor 88. An RSSI 
estimator 94 provides an RSSI signal on line 95, which is a measure of the received 
signal strength. The RSSI estimator 94 may also measure noise disturbance levels 

2 5 during idle channels. The TRX controller 90, which is coupled to the trafQc bus 74, 
processes the commands received from the BSC 16 and transmits TRX related 
information, such as various TRX measurements; to the BSC 16. Under this 
arrangement, the TRX 76 periodically reports the RSSI signal and noise disturbance 
levels to the BSC 16. 
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The baseband processor 88 iMludes a danodulator 96 that receives uplink 
baseband data from the receive section 87. The demodulator 96 generates correlator 
responses that are processed in a well JoDOWn manner to retrieve the uplink baseband 
data. The demodulator 96 may support demodulation of signals that are modulated 
5 using one or more of LLMl, LLM2 or HLM schemes' The uplink baseband data is 
ai^lied to a channel decoder 97 tiiat decodes the basdiand signal according to one 6r 
noore supported cham»l decoding scheme. The cbannel decoder 97 places the decoded 
baseband signal on tite traffic bus 78, for further processing by die BSC 16. 

When tranamttmg downlink baseband data, the baseband processor 88 
1 0 receives property coded data or digitized speech mformation from flie BSC 16 over the 
traffic bus 74 and ^lies diem to a channel coder 102 that codes and inter-leaves speech 
and data accordmg to one or mcne of supported dbannel coding sdiemes. The 
transmitter section includes a modulator 104 dmt modulates the supplied da ta bits 
according to one or more of LLMl, LLM2, and HLM schemes. The modulator 104 
15 provides downlink baseband signals to an up-conversion block 106 for up-conversion. 
A power amplifier 108 anoidifies the up-converted signal for transmission through a 
corresponding antenna. 

In an exenq>lary operation, the system 10 establishes a call between a 
mobile station 12 and a RBS 20 using LLMl on this SDCCH. Afterwanl, flw mobUe 

2 0 station 12 remains in an idle mode, while monitoring PCHs for paging signals directed 

to it. The system 10, for «[anq>le, uses one or a ccnnbination of the RX-QUAL, RX- 
LEY, or TA parameters, which are measures of channel diaracteristic of the RF link, to 
decide whedier a inter-cell hand-over, an intra-cell hand-over, or a link ads^ytation 
procedure should be initiated oc not. The initiation of a intra-cell link ads^tation 
2 5 procedure widun coverage areas diat support LLMl. LLM2. and HLM schemes is 
based on the channel characteristic of the RF link as wefl. The BSC 16 compares the 
channel characteristic parameter to corresponding thresholds to determine whether to 
perfoiTO a link adaptation, or an inter-cell or intra-cell hand-over. 

When a call is requested, TCHs are allocated based on the capabilities of 

3 0 both the mobile station 12 and BTS 20 to use LLM2 and HLM schemes. When only 
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LLMl is supported, TCHs use LLMl. If tbe system 10, including the mobile station 
12. can stq^rt LLM2 or HLM sdiemes, allocated TCHs use LLM2 or HLM schemes. 
If link quality is sufficieot for HLM scheme, the system 10 uses HLM sdieme for 
communicating over flie allocated TCHs. Otherwise, the system 10 uses LLM2 scheme. 
5 After hand-over is con^leted. a link algorithm for switching modulation within a cell 
continues. A concurrently filed patent plication titled "A LINK ADAPTATION 
METHOD FOR LINKS USING MODULATION SCHEMES THAT HAVE 
DIFFERENT SYMBOL RATES", which is her^y incorporated by reference^ 
discloses a link adaptation procedure that may preferably be used to perfonn link 

10 adaptation in system 10. 

While a call is ongoing, voice or data are communicated over fbe traffic 
channftls using HLM scheme, when possible. If the BTS 20 detects a hand-over 
condition based on the channel charactmstic of the RF link, according to one aspect of 
the invcndon, a mefliod of communication between the mobile station 12 and BTS 20 

15 initiates a hand-over on an associated control channel using LLM2 scheme. After the 
hand-over is con^leie. tbe mobfle station 12 and tbe BTS 20 resume communication 
over TCH using HLM scheme. In this way, the present invention provides an easy 
hand-over m^od because the hand-over commands over FACCHs are communicated 
using a reduced signal set of HLKt scheme that is easily demodulated by tbe same 

20 demodulator used for demodulating HLM modulated voice or data over TCHs. 

For the sake of tnahitaifiiiig coiiq>atibili^ with existing systexas, the 
number of bits in one FACCH block that should be transmitted must remain the same. 
When using a higher level modulation scheme, like 16QAM modulation scheme, a 
significagtly higher maxrmum number of bits may be transmitted. Using the greater bit 

25 rate provided by 16QAM modulation scheme, a greater number of redundancy bits can 
be used to increase communication reliabili^ of control information. 

According to another aspect of the invention, the system 10 uses LLM2 
to transmit control information over FACCH, independent of the modulation scheme 
used on TCHs, which may be one of LLM2 or HLM schemes. LLM2 scheme, which 

3 0 has a lower level of modulation relative to HLM scheme, uses reduced signal set of 
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HLM modulation scheme to communicate controJ infonnation. For example. IXM2 
scheme may be QPSK modulation scheme and HLM scheme may be a 16QAM 
modulation scheme. In this way, both QPSK modulated signals and 16QAM modulated 
signals can be demodulated using a 16QAM demodulator. Consequently, data reliability 
over FACCHs is improved compared to TCHs by mcreased Euclidean distance between 
signal points of modulation, that is, QPSK modulation scheme conqiared to 16QAM 
scheme. By this approach, the reliability is in^ved con^ared to traffic channels. 
Therefore, decoding complexity m terms of MIPS and memory is not increased 
conqaared to TCH processing, although rcliabiUly is in^woved. In another embodiment, 
the system 10 uses HLM scheme withvciy low-rate convolutional coding to transmit 
control information over FACCHs. 

Furdiermore. the system 10 uses stealing flags to indicate whether a 
transmi tte d burst contains voice and data or control information. The stealing flags 
contained m the tran smitted burst may be transmitted using either QPSK or 16QAM 
modulation schemes. In case they are transmitted using QPSK modulation scheme, no 
additional bit is transmitted for stealing flags over TCHs. The advantage of transmitting 
the stealing flags using, QPSK modulation scheme. i.e., LLM2 scheme, is that they can 
be demodulated and evaluated independent of the modulation applied to voice or data. 

Generally, SACCHs arc transmitted on the same carrier as TCHs. The 
position of SACCHs is well defined so diat the receiver is able to demodulate SACCH 
bursts. In yet anodier aspect of the mvcntion, LLM2 scheme is used for transmissions 
over SACCHs. In this way. the demodulation process is simplified, because the symbol 
rates of LLM2 and HUv* are the same. The present invention may also use LLM2 
scheme for SDCCHs and other control channel, such as PCHs and AGCH. in the same 
way as that used for the SACOEIs. 

As described above, in-band signalling procedure places control signals in 
each burst, i.e.. time-slot for TDMA systems, on pre-defined positions. According to 
another aspect of the present invention, in-band signaling is used to indicate at least one 
or more of a modulation type, a channel coding, and/or a speech coding used for a 
transmitted burst. The present invention reserves a number of bits (or symbols), similar 
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to the stealing flags, as in-band signaling infcmnation to indicate wbich modulation 
sdieme or cbamKl coding scheme or speech coding is uised in the transmitted burst. The 
reserved symbols or bits have a predefined location within the burst. In order to use the 
same demodulation scheme as that used to demodulate LLM2 or HLM modulated voice 
5 or data, the reserved bits or synibols are preferably modulated using LLM2 scheme. In 
this way. the receiver can demodulate and evahiate the in-band signaling information 
ixKiependent of ttie modulation schone used for voice or data by using identical 
demodulation schemes. Therefore, the present invention may modulate in-band 
signalling information and voice or data using separate modulation schemes, but it 

10 demodulates them using the same demodulation scheme. 

Refierring to Fig. S, a frame containing bits and symbols within a burst is 
depicted. Each 16QAM symbol COToprises four bits. For transmission of data symbols, 
all four bits contain information that are estimated at receivers. For symbols tiiat are 
used for in-band signaling, cmly two bits, bits 1 and 2. bear signalling information, the 

15 other two bits, bits 3 and 4, are set to zero. According to in-band signalling metibod of 
the inventicm. only the four outer signal points (in the comers of the 16QAM 
constellation) are used. 

Referring to HG. 9. a diagzam of a mapping scheme used fbr 
demodulation of LLM2 and HLM modulated symbols is shown. As shown in FIG. 9, 

20 all four outer signal points have the bit pattern 'xyOO', where x and y are equivalent to 
the bits 0 and 1 of die symbol used for no-band signaling. In diis way. in-band signaling 
is efficiently used for transmission of fest control information, for exazr^Ie. to indicate 
the used modulation scheme. 

System 10 transnuts HLM and LLM modulated symbols next to each 

2 5 other. In many mobile radio systems, inter-symbol interference is handled by the 

equalizer in the receiver. Many equalizers use a-priori information on the used signal 
set. Such equalizers are for exaiiq>Ie based on maxinunn-lilcelihood sequence estimation, 
decision-feedback sequence estimation, etc. An embodiment of the invention is to apply 
an equalizer that assumes the signal set of HLM scheme for equalization of the whole 
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burst, although LLM2 symbok may be transmitted in this burst as well. The benefit of 
this procedure Is that in-band signaling information can be evahiated after equalization. 

From the foregoing it would be appreciated that the present inv«ition 
significantly &cilitates demodulation of information m a system that supports multiple 
5 modulation schemes, by reducing the overhead associated with demodulation of control 
infotmation and in-band signalling information. The present invention uses 
demodulation capability of a demodulator for higher level modulation to demodulate 
lower level modulated signals that have a reduced signal set. In this way, the present 
mvention improves communicatiQn quality of systems that suppon multqjle modulation 
10 schemes. 

Although the mvention has been described in detail with reference only to 
a preferred embodiment, diose skilled in the art will appredate that various, 
modifications can be made without departing from the mvention. Accordingly, the 
invention is defined only by the followmg clahns which arc intended to embrace all 
15 equivalents thereof. 
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What is claimed is: 

1. A method for communicatmg inibraiation, comprising the step of: 

modulating a first set of information using a first linear modulation 

5 scheme; 

modulating a second set of information using a second linear 
modulation scheme, wherein the first and second linear modulation schemes have the 
same symbol, rate, and wherein the second modulation scheme uses a reduced signal set 
of the first linear modulatioh scheme; and 
3-0 demodulatiz^ die first set of information and the second set of 

mfonnadon using the same denuxhiladon scheme. 

2. The method of claim 1. wherein the same demodulation scheme 
corresponds to demodulation of signals modulated using the first modulation scheme. 

15 

3. The method of claim 2, wherein the first linear modulation scheme has 
a higher level of nudulaticn than the second moduladon sdieme. 

4. The method of claim 3, wherein the second linear modulation scheme 
2 0 uses the outer signal points in modulkion constellaticKD of the first linear modulation 

scheme to communicate the second set of information. 

5. The method of daim 4 further including the steps of commnmcating 
the first set of information over a traffic channel sind the second set of mfoimation over 

25 a control channel. 



6. The method of claim 5, wherein the control channel is an associated 
control channel. 
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7. The mettiod of cbom 6. wherein the associated control channel is a ^ 
associated control channel. 

8. The method of claim 6, wdierein the associated control channelis a 
5 slow associated control diannel. 

9. The mediod of f:Iaim 3, wherein the second set of information is in- 
band signalling information. 

10 10. The method of claim 9, wherein fbc in-band signallmg information 

correspond to at least one of a modulation type, a channel coding or a speech coding. 

11. Themethodof claims, wherein the second set of information 
includes stealing flags tiiat indicate whether a transmitted burst contains control 

15 information or voice and data infi>rmation. 

12. The method of daim 3, wherein the second set of information is a 



20 13. The nxibod of claim 3, wherem the first lin^niodulation scheme 

and the second linear modulation scheme use the same pulse shaping. 

14. The method of claim 3, wherein the first and second Xn y^ r 
modulation schemes use the same burst format. 



15. The method in claim 3, wherein the first modulation scheme is a 
QAM modulation scheme and flic second modulation scheme is a QPSK modulation 
schone. 
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16. The mediod in claim 3, wherein the first modulation sdieme is a 
8PSK modulatton scheme and the second modulation scheme is a QPSK modulation 
schemte. 

5 17. A method for communicating information between a base station and 

a mobile station comprising: 

commnnicating voice or data using a first linear modulation 

scheme; 

comnwmicating in-band signalling' fnfoxmatifm u&ing a second 
10 Unear modulation scbfeme; and 

demodulating the voice or data and tfaie m-band signalling 
information using the same demodulation scheme. 

18. The method of daim 17, wherein the first and second linear 

15 modulation schemes have the same symbol rate, and wherein the second modulation 
scheme uses a reduced signal set of dx: first linear modulation scdieme. 

19. The mediod of claim 18, wherein the same demodulation scheme 
corresponds to demodulation of signals modulated using the first linear modulation 

20 scheme. 

20. The m^bod of claim 18, wherein die in-band signalling information 
includes stealing flags that indicate whether a transmitted burst contains control 
infonooation or voice and data infomiation. 

2S 

21. The mediod of claim 18, wherein the in-band si gnalling information 
indicates at least one of a modulation type, a channel coding, or a speedi coding used by 
a transmitted burst. 
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22. A method of communication between a base station and a mobile 
station comprising: 

modulating voice or data over a traffic channel using a linear first 

modulation scheme; 

modulating control information over a control channel that is 
associated with the traffic channel usmg a second linear modulation scheme; and 

demodulating (he voice or data and control informatibn using the 
same demodulaticm scheme. 

23. The method of claim 22, wherein the first and the second linear 
modulation schemes have the same symbol rate. 

24. The mediod of claim 23, \tdierein the same demodulation scheme 
corresponds to demodulation of signals modulated using the first Imear modulation 
schenoe. 



25. The medkod of claim 22, wherein the associated control channel is a 
fast associated control channel. 

26. The m^hod of daim 22, \^4ierein tbc associated control channel is a 
slow associated control chaimel. 



27 . The mediod of claim 22, wherein the first linear modulation scheme 
has a higher level of modulation than the second linear noodulation scheme. 

28. The method of claim 27, wherein the second linear modulation 
scheme uses a reduced signal set of the first linear modulation scheme. 

29. The m^od of daim 22, wherein the first and second linear 
modulation schemes have the same level. 
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30. The me&od of claim 22, wherein the first and second linear 
modulation schemes use the same jsulse shaping. 

5 31. The method of clahn 22, wherein the first and second linear 

modulation sdbemes use the same burst format 

32. The method in claim 22, ^tiierein the first and second linear 
modulation schemes use the sametraining sequences. 

10 

33. The m^hod in claim 22, wherein the first linear modulation scheme 
is a QAM modulation scheme and the second linear modulation scheme is a QPSK 
modulation scheme. 

34. A demodulator comprising: 
means for demodulating a first set of information that are 

modulated using a first linear modulation scheme; and 

means for demodulating a second set of information that 
are modulated using a second linear modulation scheme, wherein the first and second 
linear modnlatifHi sc h e me s have tiie same symbol rate, and v^erein the second 
modulation sdieme uses a reduced signal set of the first linear modulation scheme; and 
wherein the first set of information aiKl the second set of information are demodulated 
using an identical demodulation scheme. 



15 



20 



35. A method for communicating inframation. comprising the step of: 
modulating a first set of information using a first modulation 

modulating a second set of information using a second modulation 
scheme, wherein the first and second noodulation schemes have the same symbol rate. 
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and wherein die second modulation scheme uses a reduced signal set of the first 
modulation scheme; and 

demodulatmg the first set of information and the second set of 
infoimation using the same demodulation scheme. 

36. The method of claim 35, wherein the first modulation scheme is a 
linear modulation scheme and die second modulation scheme is a non-linear modulation 



37. The method of claim 36, wherein ttie non-linear modulation scheme 
is GMSK modulation scheme and the linear modulation sdieme is a high level 
modulation s 



38. The method of claim 37, wherein the linear modulation scheme is 
8PSK modulation scheme. 

39. The method of claim 35 wherein the first modulation scheme has a 
higher level of modulation than the second modulation scheme. 

40. The method of claim 35 further including the steps of communicating 

the first set of information over a traffic channel and the second set of information over 
a control channel. 

41. The method of claim 39 wherein the control channel is an associated 
control channel. 



42. The method of claim 38 wherein the second set of information is in- 
band signalling information. 
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43. The method of claim 41, wherein the in-band signalling information 
correspond to at least one of a modulation type, a channel coding or a speech coding 
used for a transmitted biirst. 

44. The method of claim 35 wherein the second set of information 
includes stealing flags diat indicate whether a transmitted burst icontains.control 
information or voice and data information. 



45. Them^odof claim 35 wherein the jeecond set of infbnoatioii is a 
training sequence. 
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